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(57) Disclosed is a cholangiocarcinoma cell growth 
inhibitor comprising an anti-glypican-3 antibody as an ac- 
tive ingredient. Preferably, the anti-glypican-3 antibody 
has a cytotoxic activity such as an antibody-dependent 
cytotoxic (ADCC) activity and a complement-dependent 
cytotoxic (CDC) activity. Also disclosed is a diagnostic 
agent for diagnosis of cholangiocarcinoma comprising 
an anti-glypican-3 antibody. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a cholangiocar- 
cinoma cell growth inhibitor and a diagnostic agent for 
cholangiocarcinomathat comprise an anti-glypican-3 an- 
tibody. 

BACKGROUND ART 

[0002] The presence of a glypican family has been re- 
ported as a new family of heparan sulfate proteoglycan 
existing on the surface of cells. Up to date, it has been 
reported that a glypican family includes five glypican 
members (glypican-1, glypican-2, glypican-3, glypican- 
4, glypican-5). The members of this family have a core 
protein of the same size (about 60 kDa) and share a 
specific and well-conserved cysteine sequence, and they 
bind to the membrane of a cell via a glycosylphosphati- 
dylinositol (GPI) anchor. 

[0003] Dally (division abnormally delayed) gene has 
been identified from a genetic screening of a Drosophila 
melanogaster mutant characterized by an abnormal cell 
division pattern in the development of the central nervous 
system. It has been known that the cDNA of dally repre- 
sents an open reading frame (ORF) that codes for the 
product showing a sequence homology (24 to 25 % ho- 
mology) to a membrane-type proteoglycan (GRIPs) of a 
vertebrate that has all characteristics of glypican. After- 
wards, it has been suggested that dally has a function of 
controlling the mechanism of a dpp (decapentaplegia) 
receptor, suggesting that glypican may possibly control 
the signal transmission of TGF and BMP in mammals. 
Specifically, it has been suggested that glypican may 
function as a common receptor for several heparin-bind- 
ing growth factors (e.g., EGF, PDGF, BMP2, FGF). 
[0004] Glypican-3 was separated as a developmental- 
ly controlled transcription product from rat small intes- 
tines (Filmus, J., Church, J. G., and Buick, R. N. (1988), 
Mol. Cell Biol., 8, 4243-4249), and thereafter it was iden- 
tified as OCT-5, a GPI-binding heparan sulfate proteogly- 
can, that has a core protein having a molecular weight 
of 69 kDa (Filmus, J., Shi, W., Wong, Z.M., and Wong, 
M. J. (1 995), Biohcem. J., 311 , 561 -565). Also in humans, 
a gene coding for glypican-3 has been isolated as MXR- 
7 from a human stomach cancer cell line (Hermann Lage, 
et al. , Gene 1 88 (1 997), 1 51 -1 56) . It has been reported 
that glypican-3 forms a protein-protein complex with in- 
sulin-like growth factor-2, and it controls the activity of 
the growth factor (Pilia, G., et al., (1996), Nat. Genet., 
12, 241-247). This report suggests that glypican-3 does 
not always interact with the growth factor via a heparan 
sulfate chain. 

[0005] A potential use of glypican-3 as a hepatocarci- 
noma marker has been suggested (Hey-Chi Hsu, et al., 
Cancer Research 57, 5179-5184 (1997)). Also it has 
been suggested that glypican may function as an en- 



dostatin receptor that could act as a vascularization in- 
hibitor (Molecular Cell (2001), 7, 811-822). Further, an 
anti-glypican-3 antibody was reported to have a cytotoxic 
activity against cancer cells such as hepatocarcinoma 
5 cells (WO03/00883, WO04/22739). However, there is no 
report concerning expression of glypican-3 in cholangi- 
ocarcinoma cells. 

[0006] An object of the present invention is to provide 
a cholangiocarcinoma cell growth inhibitor and a diag- 
10 nostic agent for cholangiocarcinoma that comprise an 
anti-glypican-3 antibody. 

DISCLOSURE OF THE INVENTION 

15 [0007] The present inventors have assiduously stud- 
ied and have found that glypican-3 is highly expressed 
in cholangiocarcinoma cells and that an anti-glypican-3 
antibody may be effective as a cholangiocarcinoma cell 
growth inhibitor based on its cytotoxic activity and as a 

20 diagnostic agent for cholangiocarcinoma. 

[0008] An anti-glypican-3 antibody will exhibit a cell 
growth-inhibiting activity when a cytotoxic substance 
such as a radioactive isotope, a chemical therapeutical 
agent or a bacterial toxin is attached to the antibody. 

25 [0009] Further, it has been found that glypican-3 is lo- 
calized in the inner lumen of a normal bile duct, while its 
distribution is altered in cholangiocarcinoma where it is 
localized in the entire periphery of the cell membrane. 
This finding indicates that an anti-glypican-3 antibody 

30 may readily reach cholangiocarcinoma cells but hardly 
reaches normal bile duct cells where the protein is ex- 
pressed in the bile duct inner lumen. Accordingly, an anti- 
glypican-3 antibody is expected to be especially effective 
for treatment of cholangiocarcinoma. 

35 [0010] Specifically, the invention provides the follow- 
ing: 

(1 ) A cholangiocarcinoma cell growth inhibitor com- 
prising an anti-glypican-3 antibody; 
40 (2) The cholangiocarcinoma cell growth inhibitor of 

(1 ) , wherein the anti-glypican-3 antibody has a cyto- 
toxic activity; 

(3) The cholangiocarcinoma cell growth inhibitor of 

(2) , wherein the cytotoxic activity is an antibody-de- 
45 pendent cytotoxic (ADCC) activity or a complement- 
dependent cytotoxic (CDC) activity; 

(4) The cholangiocarcinoma cell growth inhibitor of 
(1), wherein the anti-glypican-3 antibody is an anti- 
body having a cytotoxic substance attached thereto; 

50 (5) The cholangiocarcinoma cell growth inhibitor of 
(1) to (4), wherein the antibody is a monoclonal an- 
tibody; 

(6) The cholangiocarcinoma cell growth inhibitor of 
(1) to (4), wherein the antibody is a humanized or 

55 chimera antibody; 

(7) A diagnostic agent for cholangiocarcinoma com- 
prising an anti-glypican-3 antibody; 

(8) The diagnostic agent for cholangiocarcinoma of 
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(7) comprising an anti-glypican-3 antibody immobi- 
lized on a support and an antibody labeled with a 
labeling substance; 

(9) The diagnostic agent for cholangiocarcinoma of 
(7) or (8), wherein the antibody is a monoclonal an- 
tibody; 

(1 0) A diagnostic kit for diagnosis of cholangiocarci- 
noma comprising an anti-glypican-3 antibody; 

(11) The diagnostic kit for diagnosis of cholangiocar- 
cinoma of (10) comprising an anti-glypican-3 anti- 
body immobilized on a support and an antibody la- 
beled with a labeling substance; 

(12) A method for inhibiting the growth of cholangi- 
ocarcinoma cells comprising administering an anti- 
glypican-3 antibody to a patient suffered from 
cholangiocarcinoma; 

(13) A method for diagnosing cholangiocarcinoma 
comprising detecting a glypican-3 protein in an assay 
sample. 

[0011] According to the invention, there is provided a 
therapeutic agent for cholangiocarcinoma comprising an 
anti-glypican-3 antibody as an active ingredient. As dem- 
onstrated in the Examples below, GPC3 is expressed at 
a high level in cholangiocarcinomacells, thus an antibody 
against the protein is expected to have an anti-carcinoma 
effect on cholangiocarcinoma cells. In addition, it is con- 
sidered that the antibody may readily reach the tumor 
cells that express the protein uniformly in the cell mem- 
brane, while the antibody could hardly reach the normal 
bile duct cells that express the protein in the bile duct 
inner lumen. Accordingly, an antibody against the protein 
could represent a therapeutic agent specific to cholangi- 
ocarcinoma which will not damage normal bile duct cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Fig. 1 is a photograph of immunostaining of cholan- 
giocarcinoma cells with an anti-GPC-3 antibody. 
Fig. 2 is a photograph of immunostaining of normal 
cells with an anti-GPC-3 antibody. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] The invention is related to a cholangiocarcino- 
ma cell growth inhibitor and a diagnostic agent for cholan- 
giocarcinoma that comprise an anti-glypican-3 antibody. 
[0014] The anti-glypican-3 antibody of the invention in- 
cludes known antibodies such as humanized antibodies, 
human antibodies (W096/33735), chimera antibodies 
(JP-A 4-228089), and mouse antibodies. The antibody 
may be a polyclonal antibody but is preferably a mono- 
clonal antibody. 

[0015] The anti-glypican-3 antibody for use in the in- 
vention is not specifically limited in terms of its origin, 
type (monoclonal, polyclonal) and form, so far as it has 



an ability of binding to glypican-3. 
[001 6] The cholangiocarcinoma cell growth inhibitor of 
the invention may be any types of agent that comprises 
an anti-glypican-3 antibody as an active ingredient. 
5 [0017] It has been already reported that an anti-glypi- 
can-3 antibody has a cytotoxic activity to the cells that 
express glypican-3, and is therefore useful as an anti- 
cancer agent (WO03/00883, WO04/22739). 



[0018] The anti-glypican-3 antibody for use in the in- 
vention may be obtained as a polyclonal or monoclonal 
antibody in any known method. As the anti-glypican-3 

15 antibody for use in the invention, especially preferred is 
a monoclonal antibody derived from a mammal. The 
monoclonal antibody derived from a mammal includes 
those produced by hybridoma, and those produced by a 
host transformed with an expression vector containing 

20 the antibody gene by means of a genetic engineering 
technique. The antibody will bind to glypican-3 and inhibit 
cell growth. 

[001 9] Such an antibody may be obtained by any meth- 
od known in the art. 

25 

2. Antibody-producing hybridoma 

[0020] Essentially according to a known technique, a 
hybridoma producing a monoclonal antibody can be pro- 
se duced in the manner described below. Cells are immu- 
nized with glypican-3 as a sensitizing antigen in a stand- 
ard immunization method, and the resulting immunecells 
are fused with known parent cells according to a standard 
cell fusion method, and the resulting fused cells are 
35 screened for monoclonal antibody-producing cells ac- 
cording to a standard screening method. 
[0021 ] Specifically, a monoclonal antibody may be pro- 
duced as follows. 

[0022] First, human glypican-3 to be used as a sensi- 
^0 tizing antigen for raising an antibody is prepared by ex- 
pressing a glypican-3 (MXR7) according to the gene/ami- 
no acid sequence disclosed in Lage, H., et al., Gene 1 88 
(1997), 151-156. Specifically, a gene sequence that 
codes for glypican-3 is inserted into a known expression 
45 vector system, suitable host cells are transformed with 
the vector, and then the intended human glypican-3 pro- 
tein is isolated and purified from the host cells or the 
culture supernatant thereof, according to a known meth- 
od. 

50 [0023] Next, the purified glypican-3 protein is used as 
a sensitizing antigen. Alternatively, a partial peptide of 
glypican 3 may be used as a sensitizing antigen. Such a 
partial peptide may be obtained through chemical syn- 
thesis based on the amino acid sequence of human gly- 

55 pican-3. 

[0024] The anti-glypican-3 antibody has a cell growth 
inhibiting activity based on its ADCC activity, CDC activity 
and growth factor activity-inhibiting activity, and it can 
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inhibit cell growth if a cytotoxic substance is attached, 
such as a radioactive isotope, a chemical therapeutical 
agent or a bacterial toxin. The anti-glypican-3 antibody 
of the invention may recognize any epitope within a gly- 
pican-3 molecule. Accordingly, the antigen to be used 
forproducing the anti-glypican-3 antibody of the invention 
may be any fragment that represents an epitope existing 
on a glypican-3 molecule. 

[0025] The mammalian animal to be immunized with 
a sensitizing antigen is not specifically limited, but is pref- 
erably selected in consideration of the compatibility with 
the parent cells used for the cell fusion. Commonly used 
mammals are rodents such as mouse, rat and hamster, 
as well as rabbit and monkey. 

[0026] Such an animal may be immunized with a sen- 
sitizing antigen by any known method. For example, a 
sensitizing antigen is intraabdominal^ or subcutaneous- 
ly injected into an animal. Specifically, a sensitizing an- 
tigen is diluted and suspended at a suitable concentration 
in PBS (phosphate-buffered saline) or physiological sa- 
line, and optionally mixed with a suitable amount of a 
conventional adjuvant such as a Freund's complete ad- 
juvant, and then emulsified. The resulting emulsion is 
administered to an animal for several times in 4-21 day 
intervals. If desired, a suitable carrier may be used in 
immunization with a sensitizing antigen. 
[0027] An animal is immunized in the manner as 
above, and after the increase in the desired antibody level 
in the serum, the immune cells are collected from the 
animal and subjected to cell fusion. Preferably, the im- 
mune cell is a spleen cell. 

[0028] The parent cell to be fused with the immune cell 
may be a mammalian myeloma cell. The myeloma cell 
conveniently used for cell fusion includes various known 
cell lines, for example, P3 (P3x63Ag8.653) (J. Immunol. 
(1979) 123, 1548-1550), P3x63Ag8U.1 (Current Topics 
in Microbiology and Immunology (1978) 81, 1-7), NS-1 
(Kohler, G. and Milstein, C, Eur. J. Immunol. (1976) 6, 
511-519), MPC-11 (Margulies, D. H., et al., Ce//(1976) 
8, 405-415), SP2/0 (Shulman, M., et al., Nature (1978) 
276, 269-270), FO (deSt. Groth, S. F. , et al. , J. Immunol. 
Methods (1980) 35, 1-21), S194 (Trowbridge, I. S. J. , 
Exp. Med. (1978) 148, 313-323), R210 (Galfre, G., et 
al. , Nature (1 979) 277, 1 31 -1 33). 
[0029] The cell fusion of the immune cell with such a 
myeloma cell may be effected essentially according to 
known methods, for example, Kohler and Milstein's meth- 
od (Kohler, G., and Milstein, C, Methods Enzymol. 
(1981) 73, 3-46). 

[0030] More specifically, the cell fusion may be effect- 
ed, for example, in a common nutrient medium in the 
presence of a cell fusion stimulator. The cell fusion stim- 
ulator used in the invention includes, for example, poly- 
ethylene glycol (PEG) and Sendai virus (HVJ). Optionally 
an auxiliary agent such as dimethylsulfoxide may be add- 
ed to the medium to increase the fusion efficiency. 
[0031] The proportion of the number of immune cells 
to the number of myeloma cells may be set to any desired 



ratio. For example, it is desirable that the number of the 
immune cells is from 1 to 1 0 times that of the myeloma 
cells. The culture medium suitable for use in the cell fu- 
sion may include, for example, RPMI1640 medium or 

5 MEM medium favorable for the growth of the above-men- 
tioned myeloma cell lines, as well as other culture media 
generally used for cultivating cells of this type. In addition, 
a serum complement such as fetal calf serum (FCS) may 
be added to the culture medium. 

10 [0032] For the cell fusion, the above-mentioned im- 
mune cells and myeloma cells are well mixed in a pre- 
determined ratio in aculture medium, and a PEG solution 
(for example, with an average molecular weight of from 
about 1 000 to about 6000) previously heated at about 

15 37 °C is added generally at a concentration of from 30 to 
60 % (w/v), and mixed to obtain a hybridoma. Subse- 
quently, a suitable medium is added and centrifuged to 
remove the supernatant. This process is repeated to re- 
move the cell fusion agent and other materials unfavo- 

20 rable to the growth of the hybridoma. 

[0033] The hybridoma thus obtained may be selected 
through cultivation in a standard selective culture medi- 
um, for example, HAT medium (a medium containing hy- 
poxanthine, aminopterin and thymidine) . The cultivation 

25 in the HAT medium is continued for a period of time suf- 
ficient for the death of the cells other than the intended 
hybridoma (non-fused cells). This step generally takes a 
few days to a few weeks. Next, the hybridoma is screened 
and monocloned according to a standard limiting dilution 

30 method to isolate those clones capable of producing the 
intended antibody. 

[0034] Beside the above-mentioned method of immu- 
nizing a non-human animal with an antigen to obtain the 
intended hybridoma, another method may also be em- 

35 ployed, where a human lymphocyte is sensitized with 
glypican-3 in vitro, and the sensitized lymphocyte is fused 
with human myeloma cells capable of dividing perma- 
nently, whereby a desired human antibody having a bind- 
ing activity to glypican-3 can be obtained(see JP-B 

40 1 -59878). Alternatively, the antigen glypican-3 is admin- 
istered to a transgenic animal having all repertories of 
human antibody genes to obtain a cell producing an anti- 
glypican-3 antibody. Then the cell is immortalized and a 
human antibody againstglypican-3 may be obtained from 

45 the immortalized cells (see International Publication Nos. 
W094/25585, W093/12227, WO92/03918, W094/ 
02602). 

[0035] The monoclonal antibody-producing hybrido- 
ma thus obtained may be subcultured in a conventional 
50 culture medium, and stored in liquid nitrogen for a long 
period of time. 

[0036] To produce a monoclonal antibody from the hy- 
bridoma, the hybridoma may be cultivated by a conven- 
tional method and the culture supernatant may be col- 
55 lected; or the hybridoma may be introduced into and 
grown in an animal compatible with the hybridoma, and 
the ascites containing the antibody may be collected from 
the animal. The former method is suitable for obtaining 
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antibodies in high purity; and the latter is suitable for 
mass-production of antibodies. 

3. Recombinant antibody 

5 

[0037] In the invention, a recombinant monoclonal an- 
tibody can be obtained according to a genetic recombi- 
nation technique as follows: An antibody gene is cloned 
from the hybridoma and inserted into a suitable vector, 
and the vector is introduced into a host to produce the 
intended recombinant monoclonal antibody (for exam- 
ple, see Vandamme, A. M., etal., Eur. J. Biochem. (1990) 
192, 767-775, 1990). 

[0038] Specifically, mRNA that codes for the variable 
(V) region of the anti-glypican-3 antibody is isolated from 
the hybridoma producing an anti-glypican-3 antibody. 
The isolation of mRNA may be effected according to a 
known method. For example, a full-length RNA is pre- 
pared through guanidine ultra-centrifugation (Chirgwin, 
J. M., et al., Biochemistry. (1979) 18, 5294-5299) or AG- 
PC (Chomczynski, P., etal., Anai. Biochem. (1987) 162, 
1 56-1 59), and the intendedmRNA is prepared using mR- 
NA Purification Kit (by Pharmacia) or the like. Alterna- 
tively, the mRNA may be directly prepared using Quick- 
Prep mRNA Purification Kit (by Pharmacia). 
[0039] cDNA for the antibody V-region is synthesized 
from the thus obtained mRNA using reverse tran- 
scriptase. The cDNA synthesis may be effected using 
AMV Reverse Transcriptase First-Strand cDNA Synthe- 
sis Kit (by Seikagaku Kogyo) or the like. cDNA may also 
be synthesized and amplified by the 5' -RACE method 
and PCR with 5' -Ampli FINDER RACE Kit (by Clontech) 
(Frohman, M. A. , et al., Proc. Natl. Acad. Sci . USA 
(1988) 85, 8998-9002; Elyavsky, A., etal. , Nucleic Acids 
Res. (1989) 17, 2919-2932). 

[0040] The intended DNA fragment is purified from the 
PCR product, and linked to a vector DNA. Then the re- 
combinant vector is introduced into E. co//orthe like, and 
colonies are selected, whereby the intended recom- 
binant vector is prepared. Then, the nucleotide sequence 
of the DNA is confirmed in a known method, for example, 
according to a dideoxynucleotide chain termination 
method. 

[0041] Once the intended DNA coding for an anti-gly- 
pican-3 antibody V-region is obtained, it is inserted into 
an expression vector that contains DNA coding for a suit- 
able antibody constant region (C region). 
[0042] To produce the anti-glypican-3 antibody to be 
used in the invention, essentially an antibody gene is 
inserted into an expression vector in such a manner that 
it may be expressed under the control of the expression 
control region, for example, an enhancer or a promoter. 
Next, a host cell is transformed with the expression vec- 
tor, and the antibody is expressed in the cell. 
[0043] For the antibody gene expression, DNAs that 
code for the antibody heavy chain (H-chain) and light 
chain (L-chain) may be separately inserted into expres- 
sion vectors and co-transform a host cell; or DNAs that 



code for the H-chain and the L-chain may be inserted 
into a single expression vector and transform a host cell 
(see W094/11523). 

[0044] In addition to the above-mentioned host cells , 
transgenic animals may also be used for producing the 
recombinant antibody, For example, an antibody gene is 
inserted into the middle of a gene that codes for a protein 
intrinsically produced in a milk (e.g., goat-p casein) to 
prepare a fused gene. A DNA fragment that contains the 
fused gene with the antibody gene is injected into a goat 
embryo, and the embryo is introduced into a female goat. 
The intended antibody is obtained from the milkproduced 
by a transgenic goat born from the embryo-received goat 
or by its posterity. For increasing the amount of the milk 
containing the intended antibody produced by the trans- 
genic goat, a suitable hormone may be administered to 
the transgenic goat (Ebert, K. M., et al., Biol Technology 
(1994) 12, 699-702). 



[0045] In the invention, any other recombinant antibod- 
ies other than those described above may also be used, 
such as a chimera antibody and a humanized antibody 
that has been artificially modified for the purpose of low- 
ering the hetero-antigenicity to human. Such a modified 
antibody may be produced according to a known method. 
[0046] A chimera antibody may be obtained as follows: 
DNA encoding the antibody V-region obtained as above 
is linked to DNA encoding a human antibody C-region, 
and inserted into an expression vector. The resulting vec- 
tor is introduced into a host to produce the chimera an- 
tibody. According to this known method, a chimera anti- 
body useful in the invention may be obtained. 
[0047] A humanized antibody, also referred to as a re- 
shaped human antibody, is constructed by grafting the 
complementarity-determining region (CDR) of an anti- 
body from anon-human mammal (e.g. a mouse antibody) 
into the complementarity-determining region of a human 
antibody. A general genetic recombination method for 
producing a humanized antibody is known in the art (see 
European Patent Application No. EP 125023; 
WO96/02576). 

[0048] Specifically, a DNA sequence designed to link 
CDR of a mouse antibody to the framework region (FR) 
of a human antibody is synthesized through PCR using 
as primers several oligonucleotides constructed so as to 
have overlapping portions at the terminal region of both 
CDR and FR (see the method described in 
W098/13388). 

[0049] The framework region of a human antibody to 
be linked to CDR is selected such that the complemen- 
tarity-determining region may form an appropriate anti- 
gen-biding site. If desired, the amino acid residues in the 
framework region of the variable region of the antibody 
may be substituted so that the complementarity-deter- 
mining region of the reshaped human antibody may form 
a suitable antigen-binding site (Sato, K. et al., Cancer 
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Res, (1993) 53, 851-856). 

[0050] Generally, C-regions derived from a human an- 
tibody is used as the C-region of chimera antibody and 
humanized antibody. For example, Cy1, Cy2, Cy3 , Cy4 
may be used for the H-chain, and Ck and CX may be 
used for the L-chain. The human antibody C-region may 
be modified in order to improve the stability of the anti- 
body and its production process. 

[0051 ] A chimera antibody comprises a variable region 
of an antibody derived from a non-human mammal, and 
a constant region of a human antibody. On the other 
hand, humanized antibody comprises the complementa- 
rity-determining region of an antibody derived from a non- 
human mammal, and a framework region and a constant 
region derived from a human antibody. Since a human- 
ized antibody should have lower antigenicity in human 
bodies, the humanized antibody is useful as an active 
ingredient of the therapeutic agent of the invention. 

5. Modified antibodies 

[0052] The antibody for use in the invention is not lim- 
ited to the entire molecule of an antibody, but may be a 
fragment of an antibody or its modified derivative, includ- 
ing a divalent antibody and a monovalent antibody, so 
far as it has an ability to bind to glypican-3 and inhibit cell 
growth,. For example, an antibody fragment includes 
Fab, F(ab')2, Fv, Fab/c having one Fab and a complete 
Fc, single chain Fv (scFv) with an H-chain or L-chain Fv 
linked with a suitable linker, and a diabody. Such an an- 
tibody fragment may be prepared by processing an an- 
tibody with an enzyme such as papain or pepsin. Alter- 
natively, a gene coding for such an antibody fragment is 
constructed, introduced into an expression vector, and 
then expressed in a suitable host cell (for example, see 
Co. M. S., etal., J. Immunol. (1994) 152,2968-2976; Bet- 
ter, M. & Horwitz, A. H., Methods in Enzymology (1989) 
178, 476-496; Academic Press, Inc., Pleuckthun, A. & 
Skerra, a., Methods in Enzymology (1 989) 1 78, 476-496; 
Academic Press, Inc., Lamoyi, E., Methods in Enzymol- 
ogy (1989) 121, 652-663; Rousseaux, J., et al., Methods 
in Enzymology (1989) 121, 663-669; Bird, R. E. , et al. , 
TIBTECH (1 991 ) 9, 132-137). 

[0053] scFv is obtained by linking the H-chain V-region 
and the L-chain V-region of an antibody. In the scFv, the 
H-chain V-region and the L-chain V-region are linked via 
a linker, preferably a peptide linker (Huston, J. S. , et al. , 
Proc. Natl, Acad. Sci., USA (1988) 85, 5879-5883). The 
H-chain V-region and the L-chain V-region in scFv may 
be derived from any antibodies described above. The 
peptide linker that links the V-regions may comprise any 
linear peptide having from 1 2 to 1 9 amino acid residues. 
[0054] DNA encoding scFv may be obtained as fol- 
lows. A DNA fragment is amplified by PCR using as a 
template a DNA portion that codes for the entire or the 
desired amino acid sequence of the H-chain or the H- 
chain V-region of an antibody, and a DNA coding for the 
L-chain or the L-chain V-region thereof, and a primer pair 



that defines the two ends of the sequence. Then the frag- 
ment is further amplified by the use of a combination of 
DNA that codes for the peptide linker portion and a primer 
pair that defines both ends to be linked to the H-chain 

5 and the L-chain. 

[0055] Once the scFv-encoding DNA is constructed, 
an expression vector containing the DNA, and a host 
transformed with the expression vector may be obtained 
by any standard method. The scFv can be produced in 

10 such a host by any standard method. 

[0056] These antibody fragments can be produced in 
a host by obtaining the gene in the same manner as 
above and allowing it to be expressed. The "antibody" 
as used herein also includes such antibody fragments. 

15 [0057] A modified anti-glypican antibody conjugated 
with a various molecule, for example, a cytotoxic sub- 
stance or polyethylene glycol (PEG) may also be used 
in the invention. The cytotoxic substance includes, for 
example, radioactive isotope, chemical therapeutical 

20 agent and bacterial toxin. The "antibody" in the invention 
includes such a modified antibody conjugated with other 
substances. The modified antibody can be obtained by 
chemically modifying the antibody obtained as above. 
The antibody modification methodology has been al- 

25 ready established in the art. 

[0058] The antibody for use in the invention may also 
be a bispecific antibody. The bispecific antibody may 
have antigen-binding sites capable of recognizing differ- 
ent epitopes on a glypican-3 molecule, or may have one 

30 antigen-binding site recognizing glypican-3 and another 
antigen-binding site recognizing a cytotoxic substance 
such as chemotherapeutical agent, a bacterial toxin or a 
radioactive substance. I nth is case, a cytotoxic substance 
will directly act on glypican-3-expressing cells to specif- 

35 ically damage the tumor cells, whereby the tumor cells 
may be prevented from growing. The bispecific antibody 
can be constructed by combining the HL pair of two dif- 
ferent types of antibodies, or by fusing different hybrido- 
ma cells each producing a different monoclonal antibody 

40 to provide a fusion cell producing the bispecific antibody. 
In addition, the bispecific antibody may also be construct- 
ed according to a genetic engineering method. 
[0059] For enhancing the cytotoxic activity of the anti- 
body, the sugar chain of the antibody may be modified. 

45 Technique for modifying sugar chains of an antibody are 
already known (for example, WO00/61 739, 
WO02/31140). 

6. Expression and production of recombinant antibody 
50 or modified antibody 

[0060] The antibody gene constructed in the manner 
as above may be expressed in a known method to obtain 
an antibody. In the case of mammalian cells, a conven- 
55 tional promoter, an antibody gene to be expressed, and 
a poly-A signal at 3' -downstream may be operably linked 
to allow for antibody expression. For example, the pro- 
moter/enhancer may include a human cytomegalovirus 
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immediate early promoter/enhancer. 
[0061 ] An additional promoter/enhancer used for anti- 
body expression in the invention includes viral promoter/ 
enhancer of retrovirus, polioma virus, adenovirus, simian 
virus 40 (SV40), as well as a promoter/enhancer derived 
from a mammalian cell such as human elongation factor 
1cc(HEF1oc). 

[0062] The intended gene may be readily expressed 
according to the Mulligan's method (Nature (1979) 277, 
108) when SV40 promoter/enhancer is used; or the Mi- 
zushima's method (Nucleic Acids Res. (1990) 18, 5322) 
when HEFIoc promoter/enhancer is used. 
[0063] In the case of E. coli, a conventional promoter, 
a signal sequence for antibody secretion and an antigen 
gene to be expressed are operably linked together, and 
is expressed in the cells. The promoter includes, for ex- 
ample, lacZ promoter, and araB promoter. The intended 
gene may be expressed according to the Ward's method 
(Nature (1098) 341, 544-546; FASEB J. (1992), 6, 
2422-2427) when lacZ promoter is used, or the Better's 
method (Science (1 998) 240, 1 041 -1 043) when araB pro- 
moter is used. 

[0064] A signal sequence such as pelB signal se- 
quence (Lei, S. P., et al., J. Bacterid. (1987) 169, 4379) 
may be used for producing antibody into the periplasm 
of E. coli. After the antibody produced in the periplasm 
is separated, the antibody is suitably refolded and used. 
[0065] The replication origin used in the expression 
vector may include those derived from SV40, polioma 
virus, adenovirus or bovine papilloma virus (BPV). To 
increase the number of gene copies in the host cells, the 
expression vector may contain as a selective marker 
aminoglycoside transferase (APH) gene, thymidine ki- 
nase (TK) gene, E. coli xanthine-guanine-phosphoribo- 
syl transferase (Ecogpt) gene, dihydrofolic acid reduct- 
ase (dhfr) gene or the like. 

[0066] Any expression system may be used for pro- 
ducing the antibody for use in the invention, for example, 
an eukaryotic cell line or a prokaryotic cell line. The eu- 
karyotic cells include established animals cell lines, for 
example, mammalian cell lines or insect cell lines, as well 
as filamentous fungal cells and yeast cells. The prokary- 
otic cells include bacterial cells such as E. coli cells. 
[0067] Preferably, the antibody for use in the invention 
is expressed in mammalian cells, such as CHO, COS, 
myeloma, BHK, Vero, and Hela cells. 
[0068] Next, the transformed host cells are grown in 
vitro or in vivo to produce the intended antibody. The host 
cell cultivation may be effected according to a known 
method. For example, DMEM, MEM, RPMI1640 and IM- 
DM may be used for a culture medium, and a serum 
complement such as fetal calf serum (FCS) may be add- 
ed to the culture medium. 

7. Separation and purification of antibody 

[0069] The antibody expressed and produced in the 
manner as above may be isolated from the cells or the 



host animal and purified to homogeneity. An affinity col- 
umn may be used for separation and purification of the 
antibody for use in the invention. For example, a column 
based on the Protein A column includes Hyper D, PO- 

5 ROS, Sepharose F.F. (by Pharmacia) . In addition, any 
other methods generally used for protein separation and 
purification may be employed in the invention. Apart from 
the above-mentioned affinity column, any other means, 
such as chromatography column, filter, ultrafiltration, 

10 salting-out and dialysis may be suitably selected and 
combined for use in antibody separation and purification 
(Antibodies A Laboratory Manual, Ed. Harlow, David 
Lane, Cold Spring Harbor Laboratory, 1988). 

15 8. Measurement of antibody activity 

[0070] The antibody for use in the invention may be 
analyzed for its antigen-binding activity in any known 
methods (Antibodies A Laboratory Manual, Ed. Harlow, 
20 David Lane, Cold Spring Harbor Laboratory, 1988) and 
its ligand receptor-binding inhibiting activity (Harada, A., 
et al., International Immunology (1998) 5, 681-690). 
[0071] The antigen-binding activity of the anti-glypi- 
can-3 antibody for use in the invention may be deter- 
25 mined by ELISA (enzyme-linked immunosorbent assay), 
EIA (enzyme immunoassay), RIA (radioimmunoassay) 
or immunofluorescence. For example, enzyme immu- 
noassay may be carried out as follows. A sample con- 
taining an anti-glypican-3 antibody, for example, aculture 
30 supernatant or a purified antibody from the cells produc- 
ing an anti-glypican-3 antibody, is added to a plate coated 
with glypican-3. A secondary antibody labeled with an 
enzyme such as alkali phosphatase is added, and the 
plate is incubated and washed. Then an enzyme sub- 
35 strate such as p-nitrophenylphosphate is added, and the 
absorbance of the plate is measured to determine the 
antigen-binding activity of the antibody. 

9. Cytotoxic activity 

40 

[0072] The antibody for use in the invention has a cy- 
totoxic activity, i.e. an ADCC activity and/or CDC activity. 
[0073] The ADCC activity of the antibody may be de- 
termined by mixing an effector cell, a target cell and an 
anti-glypican-3 antibody and measuring ADCC activity 
of the resulting mixture. The effector cell includes, for 
example, mouse myeloma cells or monocytes separated 
from human peripheral blood or bone marrow. The target 
cell includes, human established cell lines such as hu- 
50 man liver cancer cell line HuH-7. The target cells are 
previously labeled with 51 Cr, and incubated with the anti- 
glypican-3 antibody, then the effector cells are added at 
a suitable ratio to the target cells. After incubation, the 
supernatant is collected, and the radioactivity in the su- 
55 pernatant is counted to determine the ADCC activity of 
the antibody. 

[0074] The CDC activity of the antibody may be deter- 
mined as follows. The above-mentioned labeled target 
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cells are mixed with an anti-glypican-3 antibody, and then 
a complement is added. After incubation, the radioactivity 
in the supernatant is counted to determine the CDC ac- 
tivity of the antibody 

[0075] The antibody must have an Fc portion to exhibit 
its cytotoxic activity. Where the anti-glypican-3 antibody 
is used in the invention as a cell growth inhibitor based 
on the cytotoxic activity of the antibody, it must contain 
the Fc portion. 

10. Other glypican-3 inhibiting substance 

[0076] The cholangiocarcinoma cell growth inhibitor of 
the invention may contain a substance capable of binding 
to glypican 3, other than the anti-glypican-3 antibody. For 
example, the inhibitor may contain a cytotoxic compound 
attached to a substance capable of binding to glypican-3. 

1 1 . Administration method and pharmaceutical prepa- 
ration 

[0077] The cholangiocarcinoma cell growth inhibitor of 
the invention may be used for treating or curing diseases 
caused by abnormal growth of cholangiocarcinoma cells, 
especially cholangiocarcinoma. 

[0078] The effective dose of the inhibitor may be se- 
lected from a range of from 0.001 mg to 1 000 mg per kg 
body weight or from 0.01 to 1 00000 mg/body of a patient. 
However, the dose of the agent comprising the anti-gly- 
pican-3 antibody of the invention is not limited to the 
above range. 

[0079] The agentof the invention maybe administered 
to the patient anytime before or after the development of 
the clinical symptom of the disease. 
[0080] The agentof the invention maybe administered 
once to three times a day for one to 7 days a week. 
[0081] In general, the agent of the invention may be 
administered parenterally, for example, through injection 
(e.g., subcutaneous injection, intravenous injection, in- 
tramuscular injection, and intraabdominal injection) or 
through any other route of administration , for example, 
percutaneous, mucosal, nasal, transpulmonary or oral 
administration. However, mode of administration of the 
agent of the invention should not be limited to the dose 
and administration method described above. 
[0082] The agent of the invention comprising an anti- 
glypican-3 antibody as an active ingredient may be for- 
mulated according to any standard method (Remington's 
Pharmaceutical Science, latest edition, Mark Publishing 
Company, Easton, USA), and may contain any pharma- 
ceutically-acceptable carriers and additives. 
[0083] Examples of the carriers and pharmaceutical 
additives include water, pharmaceutically-acceptable or- 
ganic solvents, collagen, polyvinyl alcohol, polyvinyl pyr- 
rolidone, carboxyvinyl polymer, sodium carboxymethyl 
cellulose, sodium polyacrylate, sodium alginate, water- 
soluble dextran, sodium carboxymethyl starch, pectin, 
methyl cellulose, ethyl cellulose, xanthan gum, gum ar- 



abic, casein, agar, polyethylene glycol, diglycerin, glyc- 
erin, propylene glycol, vaseline, paraffin, stearyl alcohol, 
stearic acid, human serum albumin (HSA), mannitol, 
sorbitol, lactose, and surfactants acceptable as pharma- 

5 ceutical additives. 

[0084] The additives may be suitably selected from, 
but not limited to, the above list, and used alone or in 
combination depending on the preparation forms of the 
agent of the invention. For example, an agent in the form 

10 of an injection preparation may be formulated as follows. 
A purified anti-glypican-3 antibody is dissolved in a sol- 
vent, for example, in a physiological saline, buffer or glu- 
cose solution, and an adsorption inhibitor such as Tween 
80, Tween 20, gelatin or human serum albumin is added. 

15 The pharmaceutical composition may be freeze-dried for 
a preparation form to be dissolved in a solvent just before 
use. The freeze-dried composition may be prepared us- 
ing an excipient, such as glycoalcohol and saccharide, 
e.g., mannitol and glucose. 

20 

12. Diagnosis of cholangiocarcinoma 

[0085] The invention provides a method for diagnosing 
(or detecting) cancer by detecting glypican-3 in an assay 
25 sample. 

[0086] The detection includes quantitative or non- 
quantitative detection. For example, the non-quantitative 
detection includes analyzing a sample for the presence 
or absence of GPC3 protein in the sample; analyzing a 

30 sample for the presence or absence of GPC3 protein in 
an amount above the predetermined level; comparing 
the amount of GPC3 protein in a sample with another 
sample (for example, control sample). The quantitative 
detection includes determining the concentration of 

35 GPC3 protein in a sample and determining the amount 
of GPC3 protein in a sample. 

[0087] The assay sample is not limited as long as it 
may contain GPC3 protein, but is preferably those col- 
lected from a living body such as a mammal, more pref- 

40 erably those collected from a human. Examples of the 
assay sample include blood, interstitial fluid, plasma, ex- 
travascular fluid, cerebrospinal fluid, synovial fluid, pleu- 
ral fluid, serum, lymphatic fluid, saliva and urine; it is pref- 
erably blood, serum, or plasma. In addition, samples de- 

45 rived from test samples, for example, culture medium of 
the cells collected from the body of an organism are also 
included in the assay sample analyzed by the invention. 
[0088] Cancer to be diagnosed in the invention is 
cholangiocarcinoma. 

50 [0089] Diagnosis of cholangiocarcinoma according to 
the invention may be carried out using the above-men- 
tioned antibody. In the case that glypican-3 in an assay 
sample is detected according to a sandwich method, the 
anti-GPC3 antibody to be fixed on a support and the anti- 

55 GPC antibody to be labeled with a labeling substance 
may recognize the same epitope of GPC3 molecule, but 
preferably they recognize different epitopes. 
[0090] GPC3 to be detected in the invention is not lim- 
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ited to a specific form, and it may be a full-length GPC3 
or may be a fragment of a full-length GPC3. Where a 
GPC3 fragment is to be detected, it may be either an N- 
terminal fragment or a C-terminal fragment, but is pref- 
erably an N-terminal fragment (WO04/22739). The 
GPC3 protein may be a GPC3 protein having heparan 
sulfate added to the protein, or a GPC3 core protein. 
[0091] The method of detecting GPC3 protein in an 
assay sample is not limited to a specific method, but pref- 
erably the protein is detected according to an immuno- 
logical method using an anti-GPC3 antibody. The immu- 
nological method includes, for example, radioimmu- 
noassay, enzyme immunoassay, fluoroimmunoassay, 
luminescent immunoassay, immunoprecipitation, immu- 
nonephelometry, Western blotting, immunostaining, and 
immunodiffusion; it is preferably enzyme immunoassay, 
and more preferably enzyme-linked immunosorbent as- 
say (ELISA) (e.g., sandwich ELISA). ELISA and other 
immunological methods described above may be carried 
out in any manner known by those skilled in the art. 
[0092] A detection method using an anti-GPC3 anti- 
body generally comprises, for example, immobilizing an 
anti-GPC3 antibody on a support, adding an assay sam- 
ple, incubating the sample to allow for the binding of the 
anti-GPC3 antibody to GPC3 protein, washing, and de- 
tecting the GPC3 protein bound to the support via the 
anti-GPC3 antibody, whereby the GPC3 protein in the 
assay sample may be detected. 

[0093] The support to be used in the invention in- 
cludes, for example, insoluble polysaccharides such as 
agarose, cellulose; synthetic resins such as silicone res- 
in, polystyrene resin, polyacrylamide resin, nylon resin, 
polycarbonate resin; and insoluble supports such as 
glass. These supports may be used in the form of beads 
or plates. Such beads may be filled in a column for use 
in the invention. Plates may include a multi-well plate 
(e.g., 96-well plate), or a biosensor chip. The anti-GPC3 
antibody may be bound to the support in any conventional 
manner such as chemical bonding or physical adsorp- 
tion. Such supports are commercially-available. 
[0094] The binding of the anti-GPC3 antibody to the 
GPC3 protein may be effected generally in a buffer. The 
buffer may include, for example, phosphate buffer, Tris 
buffer, citrate buffer, borate buffer, and carbonate buffer. 
The incubation may be carried out under conditions com- 
monly used in the art, for example, at 4°C to room tem- 
perature for 1 hour to 24 hours. After the incubation, the 
support may be washed with any reagent as long as it 
does not interfere with the binding of the GPC3 protein 
to the anti-GPC3 antibody, for example, a buffer contain- 
ing a surfactant such as Tween 20. 
[0095] In the method of the invention for detecting 
GPC3 protein, a control sample may be included in ad- 
dition to the assay sample to be detected for GPC3 pro- 
tein. The control sample includes, for example, a nega- 
tive control sample not containing GPC3 protein, and a 
positive control sample containing GPC3 protein. In this 
case, the GPC3 protein in the assay sample may be de- 



termined by comparing the result from the assay sample 
with the result from the GPC3 protein-free negative con- 
trol sample or with the result from the GPC3 protein-con- 
taining positive control sample. A series of control sam- 

5 pies having incremental protein concentrations are pre- 
pared, and the detection data from each control sample 
are plotted to prepare a standard calibration curve. The 
GPC3 protein in the assay sample may be quantitatively 
determined by comparing the data from the assay sample 

10 with the standard calibration curve. 

[0096] In a preferred embodiment, GPC3 protein 
bound to the support via an anti-GPC3 antibody is de- 
tected using an anti-GPC3 antibody labeled with a labe- 
ling substance. 

15 [0097] For example, an assay sample is contacted with 
an anti-GPC3 antibody immobilized on a support, 
washed, and then the GPC3 protein in the sample is de- 
tected by the use of a labeled antibody capable of spe- 
cifically recognizing the protein. 

20 [0098] The anti-G PC3 antibody may be labeled in any 
method generally known in the art. The labeling sub- 
stance may be of any type of the substance known in the 
art, including, for example, fluorescent dye, enzyme, co- 
enzyme, chemical luminescent substance, and radioac- 

25 tive substance. Specific examples of the substance in- 
clude radioisotopes (e.g. , 32 P , 14 C, 125 l, 3 H, 183 l), 
fluorescein , rhodamine, dansyl chloride, umbelliferone, 
luciferase, peroxidase, alkali phosphatase, p-galactosi- 
dase, p-glucosidase, horse radish peroxidase, glu- 

30 coamylase, lysozyme, saccharide oxidase, microperox- 
idase, and biotin. When biotin is used as a labeling sub- 
stance, it is desirable that a biotin-labeled antibody is 
added to the assay sample and then avidin conjugated 
with an enzyme such as alkali phosphatase is added. 

35 The labeling substance may be attached to the anti- 
GPC3 antibody by any known method, such as a glutar- 
aldehyde method, a maleimide method, a pyridyl di- 
sulfide method or a periodic acid method. 
[0099] Specifically, a solution containing an anti-GPC3 

^o antibody is added to a support such as a plate to allow 
the anti-GPC3 antibody to be immobilized on the support. 
After the plate is washed, the plate is blocked with, for 
example, BSA, gelatin or albumin in order to prevent any 
non-specific binding of proteins. The plate is washed 

45 again, and an assay sample is added to the plate. After 
incubation, the plate is washed, and a labeled anti-GPC3 
antibody is added. After appropriate incubation, the plate 
is washed, and the labeled-anti-GPC antibody remaining 
on the plate is detected. The detection may be effected 

50 in any method known by those skilled in the art. For ex- 
ample, where the antibody is labeled with a radioactive 
substance, the protein may be detected by liquid scintil- 
lation or RIA. Where the antibody is labeled with an en- 
zyme, a substrate is added and the protein may be de- 

55 tected through the enzymatic change of the substrate, 
for example, by measuring coloration by an spectropho- 
tometer. Specific examples of the substrate include di- 
ammonium 2,2-azinobis(3-ethylbenzothiazoline-6-sul- 
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fonate) (ABTS), 1 ,2-phenylenediamine (ortho-phenylen- 
ediamine), and 3,3',5,5'-tetramethylbenzidine (TME). 
When a fluorescent substance is used, the protein may 
be detected by the use of a fluorophotometer. 
[0100] In an especially preferred embodiment of the 
method according to the invention, GPC3 protein is de- 
tected with a biotin-labeled anti-GPC3 antibody and avi- 
din. 

[0101] Specifically, asolution containing an anti-GPC3 
antibody is added to a support such as a plate to allow 
the anti-GPC3 antibody to be immobilized on the support. 
After the plate is washed, the plate is blocked with, for 
example, BSA in order to prevent any non-specific bind- 
ing of proteins. The plate is washed again, and an assay 
sample is added to the plate. After incubation, the plate 
is washed and a biotin-labeled anti-GPC3 antibody is 
added. After appropriate incubation, the plate is washed, 
and avidin attached to an enzyme such as alkali phos- 
phatase or peroxidase is added. After incubation, the 
plate is washed, and a substrate corresponding to the 
enzyme attached to avidin is added, and the GPC3 pro- 
tein is detected based on the enzymatic change of the 
substrate indicative of the presence of the protein. 
[0102] In another embodiment of the method accord- 
ing to the invention, GPC3 protein is detected using a 
primary antibody capable of specifically recognizing 
GPC3 protein and a secondary antibody capable of spe- 
cifically recognizing the primary antibody. 
[01 03] For example, an assay sample is contacted with 
an anti-GPC antibody immobilized on a support, the sup- 
port is incubated and washed, and then the bound GPC3 
protein is detected with the primary anti-GPC3 antibody 
and the secondary antibody capable of specifically rec- 
ognizing the primary antibody. In this case, the secondary 
antibody is preferably labeled with a labeling substance. 
[0104] Specifically, asolution containing an anti-GPC3 
antibody is added to a support such as a plate to allow 
the anti-GPC3 antibody to be immobilized on the support. 
After the plate is washed, the plate is blocked with, for 
example, BSA in order to prevent any non-specific biding 
of proteins. The plate is washed again, and an assay 
sample is added to the plate. After incubation, the plate 
is washed and a primary anti-GPC3 antibody is added. 
After appropriate incubation, the plate is washed and a 
secondary antibody capable of specifically recognizing 
the primary antibody is added. After appropriate incuba- 
tion, the plate is washed and the secondary antibody re- 
maining on the plate is detected. The detection of the 
secondary antibody may be carried out according to the 
method described above. 

[0105] In still another embodiment of the method ac- 
cording to the invention, GPC3 protein is detected by 
utilizing an agglutination reaction. In this method, GPC3 
is detected using a support sensitized with an anti-GPC 
antibody. The support to be sensitized with an antibody 
may be of any type, as long as it is insoluble and does 
not cause any non-specific reaction with the antibody and 
is stable. Such a support include, for example, latex par- 



ticles, bentonite, collodion, kaolin, and fixed sheep eryth- 
rocytes; preferably latex particles. The latex particles 
may include, for example, polystyrene latex particles, sty- 
rene-butadiene copolymer latex particles, polyvinyl-tolu- 
5 ene latex particles. Preferred are polystyrene latex par- 
ticles. The sensitized particles are mixed with a sample, 
and stirred for a predetermined period of time. The de- 
gree of agglutination of the particles becomes larger as 
the concentration of the GPC3 protein in the sample is 
10 higher. Therefore, GPC3 in the sample may be detected 
by visual observation for the agglutination of the particles. 
In addition, the turbidity due to the agglutination may be 
measured by a spectrophotometer or the like, whereby 
the protein in the sample may be detected. 
15 [0106] In still another embodiment of the method ac- 
cording to the invention, GPC3 protein is detected by, for 
example, a biosensor utilizing the surface plasmon res- 
onance phenomenon. The biosensor based on such a 
surface plasmon resonance phenomenon enables real- 
20 time detection of a protein-protein interaction indicated 
by a surface plasmon resonance signal by the use of a 
small amount of a unlabeled protein. For example, the 
binding of GPC3 protein to an anti-GPC3 antibody can 
be detected with a biosensor such as BIAcore (by Phar- 
os macia). Specifically, an assay sample is contacted with 
a sensor chip with an anti-GPC3 antibody immobilized 
thereon, and the GPC3 protein bound to the anti-GPC3 
antibody is detected as a change in the resonance signal. 
[0107] The detection method of the invention can be 
30 automated by the use of various automatic detection de- 
vices, where a large amount of a sample can be detected 
at once. 

[0108] The invention also provides a diagnostic agent 
or a kit for diagnosing cancer by detecting GPC3 protein 
35 in an assay sample, where the diagnostic agent or the 
kit contains the anti-GPC3 antibody. Where the diagnos- 
tic agent or the kit is based on ELISA, the agent or kit 
may contain a support for immobilizing the antibody, or 
the antibody may be previously immobilized on the sup- 
40 port. Where the diagnostic agent or the kit is based on 
an agglutination method using a support such as latex, 
the agent or kit may contain a support with an antibody 
adsorbed thereon. The kit may optionally contain a block- 
ing solution, a reaction solution, a reaction-stopping so- 
45 lution or a reagent for sample treatment. 

[0109] All the contents of the patent references and 
other references explicitly referred to in this description 
are incorporated herein by reference. In addition, the en- 
tire contents of the specification and the drawings of Jap- 
50 anese Patent Application No. 2003-31 31 87, which is the 
basic application for the priority of the presentapplication, 
are incorporated herein by reference. 

EXAMPLES 

55 

[0110] The invention is described in more detail with 
reference to the following Examples. However, the tech- 
nical scope of the invention should not be limited to those 
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Examples. 

[Example 1] Detection of GPC3 by immunohistochemi- 
cal staining of cholangiocarcinoma tissue 

5 

[0111] Cholangiocarcinoma tissue samples (five sam- 
ples, formalin-fixed paraffin -em bedded specimens) were 
subjected to immuno-histological staining using an anti- 
GPC antibody. The samples were stained using 1 iml/ml 
solution of an anti-human GPC3 antibody (Chugai Sei- 10 
yaku, Genome Antibody Medicine Laboratory Section, 
Clone: M1 1 F1 , Class: lgG2b) as a primary antibody, and 
Biotinylated Anti-Mouse IgG (H+L) (Vector Laboratories 
Inc., BA-2000) as a secondary antibody. The coloration 
reaction was carried out using Vectaatain ABD-AP kit is 
(Vector Laboratories Inc., AK-5000) and Red Alkaline 
Phosphatase Substrate Kit I (Vector Laboratories Inc., 
SK-5100). 

[0112] In addition to the staining with anti-GPC3 anti- 
body, all the samples were also examined by immunos- 20 
taining with CD31 and vimentin to ensure the protein ex- 
pression in the organs. Further, the positive reaction spe- 
cificity of the staining was examined by immunostaining 
specimens from the adjacent tissue using a negative con- 
trol antibody (lgG2b isotype control mouse monoclonal 25 
antibody) as a primary antibody. 

[0113] Positive signal was observed for all the five 
samples of the cholangiocarcinoma tissue tumor cells 
tested for the immunostaining. In four out of five samples, 
the intensity of the positive signal in the tumor cells was 30 
stronger than that observed in the normal bile duct epi- 
thelial cells around the tumor cells; and in the rest one 
sample, the positive signal was at the same level for the 
two sites. 

[0114] Regarding the intracellular localization of the 35 
positive signal, the signal was observed uniformly in the 
cell membrane of the cholangiocarcinoma cells, while 
the signal was observed locally in the bile duct inner lu- 
men in the normal cells around the cholangiocarcinoma 
cells. Figs. 1 and 2 are photographs showing the result 40 
of immunostaining of cholangiocarcinoma cells and nor- 
mal cells, respectively. Fig. 1 ; a strong positive signal is 
observed uniformly in the cell membrane. Fig. 2; the pos- 
itive signal is localized on the bile duct inner lumen. 



Claims 

1 . A cholangiocarcinoma cell growth inhibitor compris- 
ing an anti-glypican-3 antibody. 



a complement-dependent cytotoxic (CDC) activity. 

4. The cholangiocarcinoma cell growth inhibitor as 
claimed in claim 1 , wherein the anti-glypican-3 anti- 
body is an antibody having a cytotoxic substance 
attached thereto. 

5. The cholangiocarcinoma cell growth inhibitor as 
claimed in any one of claims 1 to 4, wherein the an- 
tibody is a monoclonal antibody. 

6. The cholangiocarcinoma cell growth inhibitor as 
claimed in any one of claims 1 to 4, wherein the an- 
tibody is a humanized or chimera antibody. 

7. A diagnostic agent for cholangiocarcinoma compris- 
ing an anti-glypican-3 antibody. 

8. The diagnostic agent for cholangiocarcinoma as 
claimed in claim 7 comprising an anti-glypican-3 an- 
tibody immobilized on a support and an antibody la- 
beled with a labeling substance. 

9. The diagnostic agent for cholangiocarcinoma as 
claimed in claim 7 or 8, wherein the antibody is a 
monoclonal antibody. 

1 0. A diagnostic kit for diagnosis of cholangiocarcinoma 
comprising an anti-glypican-3 antibody. 

1 1 . The diagnostic kit for diagnosis of cholangiocarcino- 
ma as claimed in claim 1 0 comprising an anti-glypi- 
can-3 antibody immobilized on a support and an an- 
tibody labeled with a labeling substance. 

12. A method for inhibiting the growth of cholangiocar- 
cinoma cells comprising administering an anti-glyp- 
ican-3 antibody to a patient suffered from cholangi- 
ocarcinoma. 

13. A method for diagnosing cholangiocarcinoma com- 
prising detecting a glypican-3 protein in an assay 
sample. 



2. The cholangiocarcinoma cell growth inhibitor as 
claimed in claim 1 , wherein the anti-glypican-3 anti- 
body has a cytotoxic activity. 

3. The cholangiocarcinoma cell growth inhibitor as 
claimed in claim 2, wherein the cytotoxic activity is 
an antibody-dependent cytotoxic (ADCC) activity or 
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